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Summary

Background—Cell migration, angiogenesis, inflammation, and extracellular matrix remodeling
are key events in wound healing. Natural products, including fatty acids (FAS), can accelerate
wound healing by modulating the aforementioned events.

Aims—This study aims to evaluate the effect of lucuma (Pouteria lucuma O Kezte) nut oil
(LNO) on fibroblasts migration, angiogenesis, inflammation, bacterial and fungal growth, and
wound healing.

Methods—GC-MS analysis of FAs methyl esters (FAMES) was used for chemical
characterization of LNO. In vitro studies were carried out with LNO investigating the induction of
cell migration, cytoskeleton remodeling of human fibroblasts, inhibition of LPS-induced nitric
oxide production in macrophages, and antibacterial and antifungal effects. Two in vivo studies
were carried out to study LNO’s effect on angiogenesis and wound healing: (i) tail fin
regeneration in transgenic zebrafish larvae expressing enhanced green fluorescent protein (EGFP)
in vascular endothelial cells was used to study vessel sprouting and wound healing and (ii) the
closure of wounds was evaluated in CD-1 mice after topical applications of LNO-containing
formulations.

Results—Lucuma nut oil is a mixture of FAs, 99.7% of which were characterized. Major
components of LNO (w/w) are linoleic acid (38.9%), oleic acid (27.9%), palmitic acid (18.6%),
stearic acid (8.9%), and v linolenic acid (2.9%). In vitro studies showed that LNO significantly
promoted migration and vinculin expression in human fibroblasts. LNO decreased LPS-induced
nitric oxide production and did not display significant antibacterial or antifungal effects. LNO
induced tail fin regeneration in transgenic zebrafish larvae 48 h after tail fin amputation and
significantly accelerated cutaneous wound closure in CD-1 mice.

Conclusions—Natural FAs from P. lucuma nut promote skin regeneration and, thus, may have
applications in medicine and skin care.

© 2010 Wiley Periodicals, Inc.
Correspondence: Ilya Raskin, PhD, Rutgers University, Biotech Center, New Brunswick, NJ, USA. raskin@aesop.rutgers.edu.
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Introduction

Fatty acids (FAs) from natural sources play important roles in human health and have
diverse acute or chronic anti-inflammatory effects.1~* Linoleic acid (LA) and oleic acid
(OA\) are frequently found in natural oils. Experimental®® and clinical studies?®’ have
reported LA and OA as potential modulators of skin inflammation and regeneration but with
low clinical efficacy.>6:8 Another anti-inflammatory natural fatty acid is y-linolenic acid,
reported to have potential therapeutic use in treating psoriasis and inflammatory skin
disorders including itching, eczema, and dryness.23:59 These experimental and clinical
findings have opened interesting avenues of research for synergistic combinations of natural
FAs in skin inflammation and regeneration. The mechanisms of pharmacologic action of
FAs in skin physiology are not yet well understood.19 Several reports suggest that FAs can
be metabolized by cyclooxygenases and lipoxygenases to produce anti-inflammatory
eicosanoids.3# It is also known that free and conjugated FAs contribute to the cell
membrane architecture of fibroblasts, keratinocytes, leukocytes, and other relevant cells of
skin layers.8:":11 Besides their structural function in biologic membranes, FAs are important
modulators of the cell—cell interactions and intracellular signaling pathways leading to cell
migration.12 Thus, the alteration of the composition of FAs and phospholipids in the cell
membrane can modify its fluidity and change the binding of cytokines to their receptors
affecting inflammatory responses to injuries and the wound-healing process.! To date, the
role of FAs in inflammation and tissue responses to injuries is not completely elucidated, but
it seems likely that the pharmacologic effects of FAs involve changes in the expression of
genes implicated in cell migration, inflammatory, and immune response to pathogenic
bacteria and fungus.3® FAs from natural sources, such as soybean, corn, and canola oils, are
among the most consumed worldwide for their positive effect on human health.# However,
natural oils rich in bioactive FAs, with unique biochemical characteristics and
pharmacologic effects, can be found in many lesser known crops, making them valuable
products for pharmaceutical and cosmeceutical applications.48-11

The edible fruit of Pouteria lucuma O. Ktze, commonly named “lucuma” in Chile and Peru,
is widely consumed in these countries.13 However, there is virtually no information on the
effects of lucuma fruit on human health. Only one report suggests in vitro effects of aqueous
extracts of lucuma fruit on models of diabetes and hypertension.1# Lucuma fruit consists of
the edible fleshy outer part and a hard inner seed (nut) that is inedible and is usually
discarded when the fruit is consumed or processed. However, lucuma nut is an important
source of natural FAs. In this work, we report for the first time the biochemical composition,
and anti-inflammatory and wound-healing effect of FAs from lucuma nut oil (LNO). In
addition, we described the effects of LNO on inflammation, cell migration, angiogenesis,
bacterial and fungal growth, and wound healing using in vivo and in vitro models.
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Materials and methods

General

Murine RAW264.7 macrophages were obtained from the American Type Culture Collection
(ATCC). Human neonatal fibroblasts were obtained from Cascade Biologics Catalog
Number: C-004-5C. LNO was obtained by extracting 150 g of ground lucuma nut with 2.25
L of heptane for 12 h. The extraction was done under gentle agitation, protected from light
and at room temperature. After extraction, heptane was removed from the extract under
vacuum, creating yellow oil that was stored at —20 °C protected from light.

Chemical characterization of LNO

A 100 pL aliquot of LNO was added to 1 mL methanolic HCI and heated for 1 h at 100 °C,
gently shaken every 15 min for 1 min. Vials were cooled in an ice bath and 2 mL of hexane
was added. Samples were gently stirred in a tabletop incubator for 5 min at 120 rpm and
then centrifuged for 3 min at 2100 g. The organic phase was transferred to a new vial, dried
under a stream of nitrogen and reconstituted in 100 uL of methylene chloride. This extract
was diluted 1:10 twice for further analysis. A 1 pL aliquot of the diluted sample was injected
to a heated (250 °C) split (50:1) injector and separated on an SGE BPX70 (highly polar
cyanopropyl polysilphenylsiloxane) capillary column (60 m x 0.25 mm ID x 0.25 pym film).
Oven conditions were 100 °C hold 2 min, ramp 5 °C/min to 150 °C hold 10 min; ramp 2
°C/min to 200 °C hold 8 min, ramp 5 °C/min to 240 hold 1 min. The carrier gas was helium
at 1 mL/min. Mass spectra from 40 to 550 m/z were acquired using a dual-stage quadrupole
with source at 250 °C and +El ionization of 70 eV. A 37-component food industry fatty acid
mixture at 100 ug /mL each was injected for verification.

In vitro studies

Determination of cell migration—Human neonatal fibroblasts were maintained in
Dulbecco’s modified Eagle medium (DMEM) + 10% fetal bovine serum (FBS) and were
kept in a humidified 37 °C incubator with 5% CO2. Cells were plated at a density of 1 x 104
cells per well in a 24-well plate and incubated for 24 h, or until 100% confluency was
reached. Each monolayer was wounded by dragging a pipette tip across the bottom of the
well, using a straight edge as a guide (approximately 1.3 mm in width). The media was
removed and cells were washed with 500 pL PBS twice to remove detached cells or cell
debris. The cells were treated as follows: DMEM + 10% FBS + vehicle (0.06% glycerol,
positive control), DMEM + vehicle (0.06% glycerol, negative control), DMEM + vehicle
(0.06% glycerol) + LNO (60 pg/mL), DMEM + vehicle (0.06% glycerol) + LA (24 pg/mL)
and DMEM + vehicle (0.06% glycerol) + oleic acid (18 ug/mL). Photographs were taken of
each well to measure the initial area of the wound. After 24 h incubation, the plate was
photographed again. The scratched area was measured using Acrobat Photoshop CS
software, and percentage of wound closure at each time point was derived by following
formula: (1 — [current wound size/initial wound size]) x 100. The effect of LNO on
fibroblast migration was also assessed by Oris® Cell Migration Assay from Platypus
Technologies according to manufacturer’s instructions. Briefly, human neonatal fibroblasts
were maintained in DMEM + 10% FBS and kept in a humidified 37 °C incubator with 5%
CO2. Then, 25 000 cells/well were seeded and allowed to adhere to the collagen I-coated
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plate for 24 h, serum-starved for 24 h, and treated with LNO or vehicle for 72 h. The
stoppers were then removed from the 96-well plate, cells were labeled with Calcein AM 4.0
um, and migration to the exclusion zone was measured by fluorescent microscopy.

Studies on cytoskeleton remodeling of dermal fibroblasts—Human fibroblasts
were seeded onto 24-well plates containing glass cover slips, serum-starved for 24 h, and
treated with LNO 60 pg/mL of vehicle for 24 h. For staining of stress fibers and vinculin,
cells were fixed with ice cold 4% paraformaldehyde in PBS for 15 min and permeabilized
with ice cold 0.5% (vol/vol) Triton X-100 in PBS for 5 min at room temperature. Cells were
washed with PBS and then blocked with 3% (wt/vol) Bovine Serum Albumin (BSA) in PBS
for 1 h. Vinculin mAb FITC-Conjugate (Sigma, Cat F7053 Sigma Aldrich, St Luis, Palo
Alto, CA, USA) 1/200 or Rodamine Phallodin 140 nm (Cytoskeleton Inc., 1830 S Acoma
St, Denver CO 80223, USA), diluted in 3% BSA (wt/vol) in PBS, was applied, and the cells
were incubated overnight at 4 °C. Cells were washed again for at least 20 min with PBS then
mounted in 80% glycerol PBS and analyzed by fluorescent microscopy.

Determination of anti-inflammatory effect of LNO—Anti-inflammatory effect of
LNO was assessed by measuring the inhibition of nitric oxide production in LPS-induced
macrophages. Nitrite in the culture medium was used as an indirect measurement of nitric
oxide according to the protocol described elsewhere!® with minor modifications. Briefly,
RAW macrophages were plated at a minimum density of 0.4 10° cells/well in a 24-well
plate and grown for 24 h. Stock solutions of LNO were added to the medium 2 h before the
LPS stimulation. Cells were stimulated with 1 ug/mL LPS (Sigma-Aldrich, Inc., St. Louis,
MO, USA). After 8 h, conditioned media (50 L) were removed and immediately mixed
with 50 pL of Griess reagent (10% sulfanilamide, 1% naphthaleneethylenediamine
dihydrochloride in 5% H3PO4). After incubation for 15 min at room temperature in
darkness, the samples were read at 540 nm using a BIOTEK micro-plate spectrophotometer.
LNO did not show any cytotoxic effect at the concentrations used in our studies as evaluated
by MTT viability assay.

Antibacterial and antifungal assays—The bacteria and fungi studied were Escherichia
coli DH5a (ATCC # 47093), Staphylococcus aureus (ATCC # 12600), Enterobacter
aerogenes (ATCC # 13048), Mycobacterium rodococcus DK17 (kindly provided by Dr.
Gerben Zylstra, Biotech Center, Rutgers University), and Saccharomyces cerevisiae (ATCC
# 201459). The medium for the growth of all bacteria was Luria-Bertani Media (LB) agar at
37 °C. The medium for the growth of S. cerevisiae was potato dextrose agar (PDA). E. coli
and S. aureus were grown on LB agar plates at 37 °C. E. aerogenes and M. rodococcus
Dx17 were grown on LB agar plates at 30 °C. S. cerevisiae was grown on PDA plates at 30
°C. For inhibition experiments, LB broth was used for all bacteria and potato dextrose broth
was used for testing S. cerevisiae. The minimal inhibitory concentration values were
determined by broth dilution assay, using a method modified from Jones et al.,16 and
Ferraro.’
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In vivo studies

Results

Transgenic zebrafish larvae as a model of wound healing—Transgenic zebrafish
(Danio rerio), genotype Tg(flila: EGFP)y1/+, with the flil promoter driving the expression
of enhanced green fluorescent protein (EGFP) in the vascular endothelial cells was used to
track wound healing in real time by direct observation of angiogenesis.18 This transgenic
zebrafish model was obtained from Zebrafish International Resource Center, ZFIN 1D ZDB-
GENO-070209-102. Zebrafish larvae (48 h post-fertilization) were sedated and the tail
primordia were cut posterior to the notochord. For this assay, the larvae were placed in a 24-
well plate and treated with LNO 10-100 pg/mL dissolved in water. Primordia re-growth was
measured using fluorescence microscopy and image analysis of fluorescent endothelial cells.
For this assay, the fin fluorescent area was normalized against the total fin area. The effects
of LNO were analyzed and compared to the positive control CGS-21680 (2-p-(2-
Carboxyethyl) phenethylamino-5’-N-ethylcarboxamidoadenosine).

Murine model of wound healing—This in vivo wound-healing assay was performed by
MDS Pharma Services, Taiwan, MDSPS Testing Codes 1115924, 1079329, according to the
protocol described elsewhere.10:19 Briefly, groups of five male CD-1 mice weighing 22 + 2g
were used for this assay. Under ether anesthesia, the shoulder and back region of each
animal was shaved and a sharp punch (ID 12 mm) was used to remove the skin including
panniculus carnosus and adherent tissues. The wounded area was traced onto clear plastic
sheets on days 3, 5, 7, 9, and 11 and quantified by using Image-Pro Plus Software (Media
Cybernetics, Inc., 4340 East-West HWY, Suite 400 Bethesda, MD, USA). Adenosine
agonist CGS, LNO or vehicle were topically applied immediately after injury and once daily
thereafter for a total of 10 consecutive days.

Chemical characterization of LNO

Lucuma nut oil was obtained by heptane extraction of ground lucuma nut yielding 2.6%
(w/w) of the nut powder. The composition of LNO was identified by GC/MS analyses as LA
(38.9%), oleic acid (27.9%), palmitic acid (18.6%), stearic acid (8.9%), and v linolenic acid
(2.9%). An additional 16 FAs were found in minor concentrations (Table 1, Fig. 1). Five
minor FAs were not identified.

Determination of cell migration

Microscopic observation of fluorescently labeled fibroblasts demonstrated that LNO
promotes migration of human fibroblast into a 2- mm exclusion zone (Fig. 2). As pure FAs
have been reported as potential wound-healing agents,® we compared the effect of LNO with
pure LA and OA on scratched fibroblasts. As shown in Table 1, LA and OA are the major
FAs of LNO. Our results demonstrated that the wound-healing effect of LNO cannot be
explained by the sole presence of LA and OA acids, as equivalent concentrations of these
pure FAs were not able to reproduce the effect of LNO on fibroblasts migration (Fig. 3).
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Studies on cytoskeleton remodeling of dermal fibroblasts

The results from immunocytochemical analyses showed that LNO at 60 ug/mL induced a
reorganization of actin microfilaments in fibroblasts, as it was observable by less stress fiber
formation and increased the expression of vinculin with respect to nontreated cells (Fig. 4).
This is in accordance with other reports in which increased vinculin expression and
reorganization of actin filaments in fibroblasts favor cell motility and wound healing.20

Effect of LNO in NO production

Lucuma nut oil promoted a moderate but significant decrease in the concentration of nitric
oxide relative to nontreated controls in LPS-stimulated macrophages (Fig. 5).

Antimicrobial activity of LNO

Bacteria E. coli DH5a (ATCC # 47093), S. aureus (ATCC # 12600), E. aerogenes (ATCC #
13048), M. rodococcus DK17 and a fungus S. cerevisiae (ATCC # 201459) were tested over
the range of 10-1000 pg/mL LNO concentrations. No significant inhibitory effect was
observed up to the concentration of 1000 ug/mL of LNO (data not shown).

In vivo studies

Transgenic zebrafish larvae as a model of wound healing As described in materials and
methods, we amputated the tail fin of Tg(flila:EGFP)y1/+ transgenic zebrafish larvae and
evaluated the regeneration and revascularization 48 h after amputation. LNO not only
promoted faster regeneration of the amputated tail relative to negative control but also
significantly promoted angiogenesis in the amputated larvae (Fig. 6). This proangiogenic
effect of LNO was dose dependent over the range dose of 20-100 pg/mL (Fig. 7).

Murine wound-healing model—To determine the effect of LNO in cutaneous wounds,
we applied formulations containing 1.0, 2.5, or 5.0% of LNO to wounded mice. Each animal
received 20 pL of the formulation on the wounded area per day. Thus, the amounts of LNO
daily administered to the wounded area were 200, 500, or 1000 pg. Topical daily application
of LNO-containing formulations at doses of 500 and 1000 pg/wound significantly
accelerated wound healing compared to nontreated animals (Figs 8 and 9, Table 2). The time
at which 50% of the cutaneous wound is closed (CT50) was significantly shorter with LNO
at 500 and 1000 ug/wound (Table 2). We hypothesize that this wound-healing effect of LNO
might be explained by the synergistic effects of its anti-inflammatory FAs (Table 1). These
results from CD-1 mice are in agreement with the data from transgenic zebrafish in which
LNO not only promoted wound healing but also increased the formation of new blood
vessels in wounded areas.

Discussion

Fatty acids are metabolic precursors of several key mediators of inflammation and tissue
regeneration, such as eicosanoids, lipoxins, and resolvins.2! However, the current evidence
regarding the role of natural FAs in cutaneous wound healing continues to be inconclusive,
consequently limiting their clinical use.2 Recent clinical studies have reported that topical
formulations containing LA and other FAs have failed to accelerate wound healing.’
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Conversely, other reports have shown that LA and OA could promote wound healing in a
dose-dependent manner, increasing secretion of vascular endothelial growth factor (VEGF-
a) and interleukin-1 beta (IL-1p), and decreasing TNF-a,8 consistent with proposed pro-
angiogenic and anti-inflammatory effects of LA and OA.® According to Pereira et al.,® the
anti-inflammatory effect of LA and OA in intraperitoneal neutrophils was only seen at
concentrations as high as 200 pm and in the absence of any pro-inflammatory stimulus. The
authors demonstrated that topical application of FAs either decreases or does not affect
wound closure. Conversely, Cardoso et al.? observed accelerated wound closure by LA and
OA, but saw no increase in the formation of new blood vessels in wounded areas. A
literature review reported that topical application of essential FAs in pressure ulcers, surgical
wounds and skin burns could promote wound healing, but also found that the reviewed
studies lacked proper methodologies.? Thus, different pure FAs may either promote or
impair wound healing.2” Our data suggest that the unique composition of FAs in LNO
promotes wound-healing effect.

Wound healing is a highly coordinated sequence of molecular events involving
inflammation, fibroblast migration, re-epithelialization, extracellular matrix (ECM)
remodeling, and angiogenesis.?22-24 Several cytokines and nitric oxide are important
mediators of this process.2125 Angiogenesis is important in the formation of granulation
tissues and in supplying of oxygen to wounded tissues.28 Another important aspect in the
treatments of cutaneous wounds is the prevention of bacterial and fungal infections,24
especially in immunocompromised individuals. Infected skin wounds are frequently
associated with delayed wound closure, prolonged inflammation, and severe scar
formation.? Colonized or infected wounds tend to develop an abnormally prolonged
inflammatory state that generates large amounts of nitric oxide.? In this study, we tested the
hypothesis that LNO, a mixture of natural FAs, promotes wound healing by modulating
inflammation, cell migration, and blood vessels sprouting. We studied LNO’s effect on
fibroblast migration, revascularization, bacterial and fungal growth and inflammation.
Although inflammation is a normal and necessary step in the wound-healing process,
uncontrolled inflammation of wounded tissues can severely damage healthy cells and impair
wound healing. Taken together, our results from mice (Figs 8 and 9, Table 2), transgenic
zebrafish larvae (Figs 6 and 7), and LPS-stimulated macrophages (Fig. 5) demonstrated that
LNO can modulate the inflammatory process to accelerate the wound-healing process. In the
transgenic zebrafish model, LNO not only accelerated wound healing but also increased new
GFP-positive endothelial cells. This finding demonstrates that LNO increases vessel
sprouting, thus improving perfusion of wounded areas. A previous report has shown that
pure LA and OA, the major components of LNO (Table 1), accelerate cutaneous wound
healing in mice but did not increase vessel sprouting in wounded areas.® Our data from cell
migration experiments led us to conclude that the in vivo wound-healing effect of LNO
could relate to an increase in the migration capacity of fibroblasts.

As focal adhesions are important for fibroblast migration and adhesion,20 we expected to
find changes in the expression of focal adhesion proteins, such as vinculin in fibroblasts
treated with LNO. In fact, it has been described that, in fibroblasts from wounded areas, the
increased expression of vinculin is correlated with a higher migratory capacity.2927 It has
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been reported that during cell migration, vinculin and stress fibers play a key role in the
integrin-mediated interaction of fibroblasts with the ECM.28 During the wound-healing
process, integrins nucleate three distinct matrix adhesions in fibroblastic cells: focal
complexes, focal adhesions and fibrillar adhesions. Focal complexes containing paxillin and
vinculin, interact with B1 integrins. During cell migration, f1 integrins translocate from focal
complexes to focal adhesions and ultimately to fibrillar adhesions, suggesting that a
precursor—product relationship between the three types of matrix adhesion is necessary for
optimum cell migration.2® Besides the increased expression of vinculin, the re-organization
of the actin cytoskeleton has been associated with a higher migration capacity in
fibroblasts,28:2% which was also observed in fibroblasts treated with LNO (Fig. 4). Thus, we
hypothesize that LNO’s wound-healing effect observed in vivo is produced by increasing
fibroblast migration capacity, promoting angiogenesis and modulating local nitric oxide
production. In this study, we have compared the wound-healing efficacy of LNO with the
adenosine receptor ligand CGS-21680, which is an accepted positive control in preclinical
evaluation of wound-healing agents.19:30-32 Adenosine A2 receptor pathways are known to
modulate wound healing%33 and inflammatory processes.33

In conclusion, our data suggest that LNO possess a combination of natural
pharmacologically active FAs, offering a potential new treatment for cutaneous wounds,
skin inflammatory conditions, and general skin care. Thus, the oil from P. lucuma seems to
be a good candidate for comparative studies with currently used wound-healing agents, such
as petrolatum, antibiotics, and drug-eluting devices.34 These comparative studies are not
included in this work, as we focused on LNO’s efficacy and potential mechanisms of action.
Emollients, such as petrolatum favor granulation tissue formation, improve wound clinical
appearance and accelerate wound closure.3> A similar clinical effect could be expected from
LNO, as it led to a better clinical appearance and faster wound closure in wounded mice
(Figs 7-9). Also, LNO produced faster revascularization in our transgenic zebrafish model
of wound healing. With respect to the antibiotic formulations, LNO did not show strong
antibacterial effect on planktonic bacterial forms according to our data. However, this does
not preclude a potential effect of LNO on disrupting biofilm bacterial populations, which
frequently colonize wounds and show very different clinical behavior and genomic profile
than does the planktonic form of the same species.

Thus, this work may add a new bioactive botanical to the field of wound care.2:36:37 |n
addition, we report innovative approaches in the evaluation of bioactive botanicals, using
sensitive analytical technologies and a transgenic zebrafish model of wound healing and
revascularization.
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Figure 1.
Chromatographic profile of FAMEs from lucuma nut oil (LNO) analyzed by GC-MS. (a)

Chromatograms of LNO 10 dilution and (b) food industry standard mixture of 37 FAMEs;
both LNO and standards were injected at 100 pg/mL.
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Figure 2.
Effect of lucuma nut oil (LNO) on human fibroblasts migration. Human neonatal fibroblasts

were labeled with the green fluorescent probe Calcein-AM. The effect of LNO on fibroblast
migration was evaluated using the ORIS® cell migration assay as described in the

experimental section. Digital images were taken 72 h after starting the experiment. From left
to right: time zero (t = 0), Vehicle, LNO 40 pg/mL (LNO 40) and LNO 60 pg/mL (LNO 60).
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Figure 3.
Effect of lucuma nut oil (LNO) on scratched monolayer of human fibroblasts. Monolayers

of fibroblasts were scratched and treated with LNO 60 ug/mL (n = 3) or with equivalent
concentrations of pure fatty acids (FAS), oleic acid (OA, n = 4), linoleic acid (LA, n=3) or
10% fetal bovine serum (FBS, n = 4) as positive control. The effect of LNO and FAs was
evaluated as described in the experimental section. Values are the mean * standard error
(**P < 0.01 vs. FBS, one-way anova, Newman-Keuls multiple comparison test).
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Figure 4.
Effect of lucuma nut oil (LNO) on vinculin expression and actin fibers organization in

fibroblasts. Human dermal fibroblasts were treated with LNO 60 pg/mL or vehicle and
doubly stained with rhodamine phalloidin (red) and mAb anti-vinculin (green). LNO caused
mild decrease in stress fibers (F-actin) and increased the immunoreactivity to vinculin.
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Figure 5.
Effect of lucuma nut oil (LNO) on LPS-induced nitric oxide production in RAW 264.7 cells.

RAW cells were pretreated with either vehicle alone or LNO for 2 h. Subsequently, LPS (1
pg/mL) was added to each well and incubated for 8 h. LPS significantly increased NO
production with respect to the nonstimulated cells (control). LNO decreased LPS-induced
NO production in a concentration-dependent manner. Results are expressed as mean +
standard error (***P < 0.001 vs. control **P < 0.01 vs. control, one-way anova, Newman-—
Keuls multiple comparison test).
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Figure 6.
Effect of lucuma nut oil (LNO) on tail fin regeneration and angiogenesis in transgenic

zebrafish larvae. (a) Representative fluorescent micrographs of GFP-positive endothelial
cells during tail fin regeneration induced by 100 pg/mL of LNO (LNO 100). (b) Quantitation
of tail endothelial cells regeneration 48 h after amputation (hpa) of tail fin. Results were
expressed as mean = standard error of nine replicates (*P = 0.003, P = 0.079 vs. control).
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Figure 7.
Dose-dependent effect of lucuma nut oil on tail fin endothelial repopulation of transgenic

zebrafish larvae. The increase in fluorescent GFP-positive-endothelial cells 48 h after
amputation (hpa) of tail fin was dose dependent. Results were expressed as mean + standard
error of nine replicates.
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Figure 8.
Time course of in vivo wound-healing effect of lucuma nut oil (LNO). The percent of wound

closure was evaluated during 11 days of topical application of LNO 200, 500, and 1000 pg/
wound. Values are presented as mean + standard error of five replicates (*P < 0.05 vs.
vehicle). One-way anova followed by Dunnett’s test was applied for comparisons between
the treated and vehicle.
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Figure 9.
Progression of the dermal wound healing induced by lucuma nut oil (LNO). Representative

images of the wound-healing progression in mice after daily application of LNO (500 and
1000 pg/wound), vehicle (CMC 50.5%, PBS pH7.4) and CGS (10 pg/mouse). Photographs
of the wounds were taken every other day during 11 days postskin wounding (DPSW).

-

J Cosmet Dermatol. Author manuscript; available in PMC 2014 July 15.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Rojo et al.

Table 1

Chemical composition of lucuma nut oil

oArea” Fatty acid Fatty acid methyl ester (FAME) carbont RTH
38.85 Linoleic acid Methyl linoleate (cis-9,12) 18:2 40.51
27.85 Oleic acid Methyl oleate (cis-9) 18:1 38.18
18.63  Palmitic acid Methyl palmitate 16:0 28.83
8.94  Stearic acid Methyl stearate 18:0 36.92
2.93 vy linolenic acid Methyl y-linolenate (cis-6,9,12) 18:3 42.99
0.61  Arachidic acid Methyl arachidate 20:0 44,01
0.42  Myristic acid Methyl myristate 14:0 20.24
0.34  Eicosenoic acid Methyl eicosenoate (cis-11) 20:1 45.09
0.24  Pentadecanoic acid ~ Methyl pentadecanoate 15:0 24.34
0.17  Palmitoleic acid Methyl palmitoleate (cis-9) 16:1 30.29
0.14  Decanoic acid Methyl decanoate 10:0 10.90
0.11 Heptadecanoic acid  Methyl heptadecanoate 17:0 32.76
0.1 Lauric acid Methyl laurate 12:0 14.60
0.1 Behenic acid Methyl behenate 22:0 50.90
0.08 ND ND - 45.42
0.07 ND ND - 25.16
0.07 Eicosadienoic acid  Methyl eicosadienoate (cis-11,14) 20:2 47.17
0.05 Erucic acid Methyl erucate (cis-13) 22:1 52.21
0.04 ND ND - 46.75
0.04 Heneicosanoic acid  Methyl heneicosanoate 21:0 47.33
0.04 Docosadienoic acid  Methyl docosadienoate (cis-13,16) 22:2 52.65
0.04  Lignoceric acid Methyl lignocerate 24:0 58.77
0.03 ND ND - 55.58
0.02  Octanoic acid Methyl octanoate 8:0 7.85
0.02 ND ND - 60.02
0.01 ND ND - 47.50
0.01 ND ND - 47.88
0.01 Eicosapentoic acid Methyl eicosapentanoate (cis,5,8,11,14,17) 20:5 55.17
0.01 ND ND - 63.43

*
All peak areas integrated and summed. Area of each FAME was divided by summed peak area of all FAMEs to calculate % area.

TTotal carbon number and unsaturation (if any), e.g., 16:0, represents the completely saturated palmitic acid.

¢RT, retention time in minutes (see Fig. 1).

ND, Not determined.
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Table 2

Dermal wound closure expressed as half-closure time (CT50)

Treatment cT50" + SEY (days)

Vehicle 7.58 0.4
CGS 10 pg/mouse 6.04 +0.2F

LNO 200 pg/mouse 6.84+0.2
LNO 500 pg/mouse 586 +0.3*

LNO 1000 pg/mouse 34 +0.1*

*
P < 0.05, vs. vehicle (one-way anova followed by Dunnett’s test).
TTime at which 50% of the skin wound is closed.

iStandard error (n =5).

LNO, lucuma nut oil.
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